A static charge produces only electric field. A moving charge 
produces both electric field and magnetic field, A current carrying 
conductor produces only magnetic field. 


Magnetic Field Produced by a Current 
(Biot-Savart Law) 

The magnetic induction dB produced by an element d/ carrying a 
current / at a distance r is given by: 


Tdlsi > _I(dl xF 
Holt. = dp = Melts sl 
4n r 4n r 


Here, the quantity Jd/ is called as current element. 


aB = 


I 
P 
) 
dl r 


= permeability of the medium = LH, 
, = permeability of free space . 


ul, = relative permeability of the medium (Dimensionless quantity). . 


Unit of p, and p is NA? or Hm"; p, = 42 x 107H m! 


Magnetic Induction Due to a Straight Current Conductor 
(i) Magnetic induction due to a finite wire. 


B= Ho (cos0, + cos®,) = Hor (sin a, + sin nib) 


(ii) Magnetic induction due to a ae long wire 


_ Hol 


= @ 
2nR (a, 


= 90°; o., = 90°) 


(iii) Magnetic induction due to semi infinite straight conductor 


Hol oO x (*) 
B= 7 A® (01, = 0% oy = 90") 


Moving Charges and Magnetism 


@ 


(i) At its centre: B = ho 
where 
N = total number of turns in the coil 
7 = current in the coil 


R = Radius of the coil 


Me ; | by NIR® 
(ii) On the axis: B= ————7z, I N 
2(x? +R?) 
Where x = distance of the point from —— 
the centre. 
: UNI 
It is maximum at the centre, Bc = —>- 
2R I 
(iii) Magnetic field due to flat circular arc : “a 
9! 
_ bold | @ 
4nR €. 


Magnetic Field Due to Infinite Long Solid Cylindrical 
Conductor of Radius R 


I 

© Boe he e= 
2ur 

I 

* Forr<R: B= ls 
2nR- 


Magnetic Induction Due to a Solenoid 


B = i nl, where n is number of turns per meter and / is current. 
Direction is along the axis. 


Magnetic Induction Due to Toroid 
B= pynl | 
Where n = *. 
2nR 
R is radius of toroid 


N is total turns and R>r 


Magnetic Induction Due to Current Carrying am, 


B= ; LipA(A = Linear current density (A/m)) 


Ampere's Circuital Law 
ps dl = (XI where & J = algebraic sum of all the enclosed 
current. 


Motion of a Charge In Uniform Magnetic Field 

(a) When ¥ is||to B : Motion will be ina straight line and F =0 
= 

(6) When ¥ isLto B : Motion will be in circular path with radius 


= ™ and angul loci = — and F= 
angular ve = 
B ang city @ m an qvB. 


> 
(c) When ¥ is atangle @ to B : Motion will be helical with radius 


yee 2mmv 
hu mv sin 8 and pitch P,, i 2nmvcos® and F = qvBsinO. 
| gB qB : 
Lorentz Force 


An electric charge ‘qg’ moving with a velocity > through a 
> _ 
magnetic field of magnetic induction B experiences a force F, 


=> > = : 
given by F = 4 vx 8. There fore, if the charge moves in a space 
where both electric and magnetic fields are superposed. 


=> . : > 23> FS 
F = net electromagnetic force on the charge = gE +qvxB 


This force is called the Lorentz Force 


Motion of Charge in Combined Electric Field and 
Magnetic Field i. 


« When v||B and v||E, motion will be uniformly accelerated 
in line aS Fysonetic = 9 ANA Frjectrostatic — FE 
So the particle will be either speeding up or speeding down 
« When ¥ || B and ¥ 1 E , motion will be uniformly accelerated 
in a parabolic path 
« When 7 | B and 7 1 E, the particle will move undeflected 
and undeviated with same uniform speed if v = ry (This is 
called as velocity selector condition) 
Magnetic Force on a Straight Current Carrying 
Wire 
= > 2 
F=I (LxB) 
] = current in the straight conductor 


2 . ’ . > . . 
L = length of the conductor in the direction of the current in it 


on oughout the length of 


Bo magnetic induction (Uniform thr 
conductor) | 

~ » > 
Note: In general force is F= [ud lx B) 


Magnetic Interaction Force Between Two Parallel 


Long Straight Currents 


The interaction force between 2 parallel long straight wires Is: 


(i) Repulsive if the currents are anti-parallel. 


(ii) Attractive if the currents are parallel. 
This force per unit length on either conductor is given by 
a= Ho Lil 
an or 
Where r = perpendicular distance between the parallel 


conductors 


Magnetic Torque on a Closed Current Circuit 


When a plane closed current circuit of ‘N’ turns and of area ‘A’ 


per turn carrying a current / is placed in uniform magnetic field, 
it experience a zero net force, but experience a torque given by 
=2 => = > 2° . 

t =NIAxB = MxB =BINA sinO 


2S x . « 
where A =area vector outward from the face of the circuit where 


: > 
the current is anticlockwise; B = magnetic induction of the 


uniform magnetic field and 


= 


rad 
_M = magnetic moment of the current circuit = N/ A. 


Force on a Random Shaped Conductor in a 


Uniform Magnetic Field 


ai 


«: Magnetic force on a closed loop in a uniform B is zero 


«+ Force experienced by a wire of any shape is equivalent to 
force on a wire joining points A and B in a uniform magnetic . 
field. 


Magnetic Moment of A Rotating Charge 
If a charge q is rotating at an angular velocity @, its equivalent 


Tr qo 
curren ie i i P 
t is given as J on and its magnetic moment is M = /nR? 


I 2 
_ 3 aoR : 
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